BDNF is needed for postnatal maturation of basal forebrain and neostriatum cholinergic neurons in vivo.
Neurotrophins regulate survival, neurite outgrowth, and phenotypic maturation of developing neurons. Brain-derived neurotrophic factor (BDNF) can promote the survival of developing cholinergic forebrain neurons in vitro and reduce their degeneration following injury in adult rats. We investigated the role of endogenous BDNF during postnatal development of these cholinergic neurons by analyzing homozygous BDNF-deficient (-/-) mice and their littermates (+/+, +/-). At P6, the number of choline acetyltransferase- (ChAT) positive neurons in the medial septum was approximately 23% lower in BDNF-/- mice, although their brain and body weight was normal. At P15, control (+/+) littermates had approximately 45% more and approximately 45% larger ChAT-positive neurons and a much denser cholinergic hippocampal innervation than at P6, indicative of maturation of the septohippocampal system. In BDNF-/- mice, the number, size, and ChAT-immunostaining intensity of the cholinergic neurons remained the same between P6 and P15 (few mice survive longer). BDNF-/- mice had about three times more TUNEL-labeled (a marker of apoptosis) cells in the medial septum at P6, consistent with (but not proof of) the possibility that the cholinergic neurons were dying. The cholinergic hippocampal innervation in BDNF-/- mice expanded to a lesser extent than in controls and had reduced levels of acetylcholinesterase staining at P15. The developmental deficits were largely similar in the neostriatum of BDNF-/- mice. These findings suggest that BDNF is critical for postnatal development and maturation of cholinergic forebrain neurons.